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ABSTRACT

Douglas Aircraft Company Report No. SM-46801:

Saturn S-IVB-201 Stage Acceptance Firing Test Plan
documents the requirements of the acceptance firing
test program for the Saturn S-IVB-201 stage of the
Saturn IB vehicle number SA-201. The acceptance
firing test obJectives are defined; each includes the
esteblished ecceptance criteria for the satisfactory
achievement and buyoff of the objective. The differences
between the stage test configuration and the flight
configuration are delineated. The test program will
be accomplished by the Douglas Aireraft Company at the
Secramento Test Center, Complex Beta and Complex Gamma
test facilities, under National Aeronautics and Space
Administration Contract NAST-101,
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PREFACE

This report, prepared under National Aeronautics and Space Administration
Contract NAST-101, is issued in accordance with the contractural requirements of

Douglas Report No. SM-L1L12: General Test Plan Saturn S-IVB System.

The purpose of this report is to document the Saturn S-IVB-201 stage acceptance
firing test plan. The informetion contained herein will serve as a test direc-
tive for the Douglas Sacramento Test Center when preparing test request

memoranda.

The report includes information on the acceptance firing test objectives for

the stage, confidence firing objectives for the APS (auxiliary propulsion system)
modules, research and defelopment test objectives, stage and APS module config-
urations, ins<rumentation and data requirements, evaluation and documentation

requirements, ~zcility and ground support equipment, and the test program.

This test plan, »repared by the Huntington Beach Space Systems Center TP&LE
Committee and coordinated with the Sacramento Test Center TP&E Committee, is

a DAC - NASA coordineted document signed by DAC and NASA/MSFC representatives.
The test plan will be the buyoff document for acceptegnce. At the completion of
the evaluation meeting, buyoff signatures will be required by representatives

of both agencies,
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INTRODUCTION

This test plan documents the firing portion of the Saturn S-IVB-201 stage
acceptance test program to be conducted at the Douglas Sacramento Test Center.
The overall test program will be conducted by Douglas personnel during a
scheduled 15-week period. The purpose of the test progrem will be to
demonstrate that the S~-IVB-201 stage systems, during a full duration firing,
perform adequetely at sea level conditions prior to shipment of the stage to

the Kennedy Svace Center,

1.1 Program Definition

The acceptance firing test program will be conducted at the Lomplex Beta
test facility except for the confidence firings of the two APS (auxiliary
propulsion system) flight modules at the Complex Gamme test facility.

The stage acceptance firing test will be limited to those phases of stage
production testing during which the acceptance objectives of this test

plan will be achieved. This will include that part of the firing countdown
from propellant loading through shutdown and securing of the systems, the
postfiring structural integrity inspection, and the evaluation of date
acquired during the countdown. The automatic countdown used will conform

as closely as possible to the S-IVB stage sequence and time allotments of the
KSC (Kennedy Space Center) SA-201 vehicle flight countdown. All flight
systems will be active to the maximum extent possible during firing. Those
stage systems which will be inactive or altered during firing are delineated
in the configuration section of this report. Complex Beta GSE (ground
support equipment) and facilities will be employed fully to safely control

and monitor the test operations.

The APS module confidence firings will be confined to that part of the

countdown during which the confidence firing objectives of this test plan
will be achieved. This will be comprised of manual propellant loading,
pressurizatioh, firing, system securing, and evaluation of data acquired
during the gountdown. The countdown operations will be manually controlled.
Complex Gammd GSE and facilities will be employed fully to safely control

and monitor the test operations.



1.1.1 Stage Acceptance Firing Test Objectives

The stage acceptance firing test objectives will include demonstrations of
proper performances and operations of the propulsion system, pneumatic
system, pressurization system, electrical control and power sy-.tem,

hydraulic system, data acquisition system, Propellant utilization system,

GSE to S-IVB stage interfaces applicable to KSC, and S-IVB stage to Saturn IB
vehicle interfaces. Verification will be made of stage structural integrity.
Demonstretions will also be made to verify proper execution of controlling

procedures and operations pertinent to KSC.

1.1.2 APS Module Confidence Firing Test Objective

The configence firing objective for each APS module will be to verify that
the module can bte loaded and pressurized, responds to flight-type firing
commands, and has operating characteristics compatible with design

requirements,

1.1.3 Stage Research and Development Objectives

v

Additional objectives of research eand development nature will serve to

determine the stage acoustic, vibration and thermodynamic environments

during firing.

1.2 Background
_—

The findings and experiences gained from the S-IVB Battleship, the S-IVB/IB
APS module development, and the S-IVB-F (Facility Checkout Stage) test
programs, conducted at STC (Sacramento Test Center),}have been designed
into the S-IVB-201 stage acceptance test program. The Battleship and APS
module programs provided information for optimizing stage, module, and GSE
design end for developing handling and checkout procedures, The S-IVB-PF
stage was used during the successful checkout of the Bete III fecility

and associated GSE. Two propellant loading exercises were accomplished, one

under the control of the eutomatic GSE system.

The S-IVB-201 étage will be assembled at the Huntington Beach Space Systems
Center. The stage, less both APS modules, will be transported to the
Sacramento Test Center and installed on Complex Beta test stand III for

stage testing. The Preperations for acceptance firing will include manual



and automatic subsystem checkouts, an integrated systems test, a simulated
static firing countdown, and a preliminary propellant loading test. A start
bottle blowdown test will be scheduled during the latter test.

On arrival at STC, the S-IVB-201 stage APS flight modules will be transported
to Complex Gamme for module confidence firings. The preparations for APS
module firings will include electrical continuity and resistance checks of
the instrumentation and control systems, checkout of the data acquisition

system, and leak and functional checkout of the module systems.
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TEST PROGRAM

This section describes the acceptance test program for the S-IVB-201 stage
to be accomplished at the Sacramento Test Center. The program is divided

into five phases, as shown in figure 2-1,

a. Prefiring checkout and operations

b. Preliminary propellant loading test

c. Full duration acceptance firing

d. Post-firing checkout and operations

e. APS module confidence firing program at Complex Gamma

A more detailed description of the prefiring and post~-firing checkout
operations is contained in DAC drawing No. 1B55303, S-IVB-201 Stage End
Item Test Plen.

2.1 Prefiring Checkout and Operations

2.1.1 Automatic Checkout Equipment Verification

This task will verify point-to-point patching and functional opération of
the integrated GSE (ground support_equipment), using the GSE test set to
simulate stage functions. This test will be éccomplished prior to mating

umbilicals to the stage.

2.1.2 Stege Installation

This task will include positioning of the stage, removal of environmental
covers, installation of lifting gear, hoisting, and installation of stage
on the dummy aft interstage in Complex Beta test stand III.

2.1.3 Receiving Inspection

This task bﬁii include a visual inspection of stage for damage to tankage,
structure,'wifing, and components in shipment and will also establish

configuration.
1

2,1.4 Stage Preparation and Modifications

This task will include installation of access kits, the connection of



pneumatic pressure monitoring gages to stage sense ports, installation of
hardwire instrumentation, and completion of necessary manufacturing and

modification packages.

2.1.5 Bulkhead Vacuum Check

This task will include the installation and setup ef the bulkhead monitoring
and evacuation system and the verification of the bulkhead leak-tight integ-

riiy. Gas samples for analysis will be taken.

2.1.6 Umbilical Resistance Check

This task will include a resistance check of stage circuitry as seen through
the umbilicel connector pins. This will assure the absence of short circuits
end will indicate stage readiness for power. The task will terminate with

installation of electricel umbilicals.

2.1.7 Engine Alignment

This task will be performed optically to verify that the exit plane of the
J-2 engine thrust chamber is properly aligned with respect to the stage
structure. The actuators are also mechanically shortened to é computed
value to compensate for mechanical looseness in the vertical position and

for thrust compression when the engine is firing.

2.1.8 Forward Skirt Thermo-Conditioning Subsystem Checkout

This task will include the leak checking, filling, bleeding, and

functioning of the cold-plate conditioning system.

2.1.9 Aft Skirt and Interstage Thermo-Conditioning and Purge System Checkout

This task will verify proper air/gas distribution and bressure drops within
the aft skirt manifold and APS ducts and will verify correct operation of

the test stand portion of the system. Purge pressures will also be verified.

2.1.10 Forward and Aft Skirt Purge Checkout

t

This task will verify the correct operation of the combined test stand and

stage portions of this system,



2.1.11 Power Distribution Subsystem Checkout

This task will consist of automatic procedures to verify correct operation
of the power distribution system prior to subsystems testing. The test will
include load evaluation on all circuits of the subsystem, including verifi-
cation of power switching functions. A portion of the test will include
setup for power turn-on of each circuit. Mechanical umbilicals will be

mated upon-completion of this test.

2.1.12 Preliminary Propulsion Systems Checkout

This task will provide a manually controlled preliminary leak and functionsl

checkout of stage valves.,

2.1.13 ©8Signal Conditioning Calibration

This task will be & manual procedure for adjusting the gain on de emplifiers,
o-volt excitation modules, temperature bridges, and other stage-mounted
signal conditioning components. This test will assure that these components

are compatible with required telemetry inputs.

2.1.14 Stage DDAS (Digital Data Acquisition System) Checkout

This task will be an automatic end-to-end verification of all chennels of the
DDAS system. The test will include a remote automatic calibration system
test and simulation of and/or ambient readouts from transducers to assure
that the DDAS is ready for use. Accuracy and reliability of the system will

be demonstrated.

2.1.15 Hardwire Instrumentation Setup and Checkoﬁt

‘This task will be an end-to-end verification of the ground instrumentation
system setup and patching. The test will include pressure checks, ambient
checks, transducer simulation, voltage verification, and other operations,

as applicable, to check system integrity.

2.1.16 Propellant Utilization System Setup, Calibretion, and Checkout

This task will include a manunl PU (propellant wilization) system celibra-
tion. The calibration will consist of LH2 and L0X bridge empty and bridge
full calibrations and the PU valve positioner celibration. An electrical



calibration of the propellant tanks overfill sensors system will be

accomplished during this procedure,

The automatic portion of the PU subsystem checkout is divided into three

basic tests:

a. PU system power test will verify thet all system power requirements
are met.
b. Servo balanced bridge test will verify PU system continuity from

the two mass sensors through the summing network.

¢. Engine PU valve movement test will verify, the PU system from the
slewing network through the servo amplifier and the PU valve

positioner.

2.1.17 Range Safety Subsystem Tests

The tests will verify the operational capabilities of the system and will

include the following:

a. EBW (exploding bridgewire) and E/I (external/internal) transfer

tests.
b. Engine cutoff test
c. Pulse sensor and pulse uctector comménd inhibit test
d. Inflight turn-off command test
e, Propellant dispersion command test
f. BSafety and arm device test
g. AGC calibration curves
h, Deviation sensitivity checks

i. RF sensitivity checks

2.1.18 Telemetry System Checkout

This task will activate all five telemetry transmitters to verify center
frequency, modulation, calibration step, VSWR, output power, and complete

data acquisition system operation,



2.1.19 Exploding Bridge Wire Subsystem Checkout

This task will assure the capability of the EBW subsystems to ignite and
Jettison the S5-IVB ullage rockets. Electronic pulse sensors to simulate
EBW detonators and to monitor the output of the system will be installed in

place of ordnance devices during the test.

2.1.20 Hydraulic System Fill, Flush, and Bleed Procedure

This task will consist of manual servicing of the hydraulic system and will
assure that system fluid cleanliness meets the requirements of
MSFC-PROC-166A and that the amount of air in the system is within the

allowable limit,

2.1.21 Hydraulic Subsystem Checkout

This task will be an automatic operational checkout of the hydraulic
system. The engine will be gimbaled to determine actuator response to

commands.

2.1.22 APS Circuitry Checks

This task will be a verification of receipt of command signals routed

from the automatic controls system through the IU {Instrument Unit) substi-
tute to the APS electrical interfaces. This will be an automatic procedure
using APS simulators.

2.1.23 J-2 Engine Leak and Functional Test

This task will be conducted automatically with periodic holds to #ccomplish
menual functions. The task will verify the integrity of the engine
‘propellant and pneumatic system. The task will also verify proper
functioning and timing of engine valves.

2.1.24k sStage Control Pneumatic Leak and Functional Test

This task will be conducted automaticelly with periodic holds to accomplish
the manual functions required to assure the integrity of the pneumatic
control system. The proper funetional capability of the system will be
verified. All pneumatically operated components will be cycled.
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2.1.25 Cold Helium System Leak and Functional Test

This task will be a computer-controlled autometic and manual procedure to
verify the integrity of the system and assure proper function of system

components,

2.1.26 LH2 Tank Pressurization System Leak and Functional Test

This task will be a computer-controlled automatic and manusl procedure to

verify system integrity and to assure proper functioning of all components.

2.1.27 Propellant Tanks Leak Checks

This task will be an automatic procedure with intermediate holds to accomplish

manual leak check operafions to verify system integrity at ambient temperature.

2.1.28 Integrated Systems Test

This task is designed as a system checkout of the automatically controlled
equipment of the stage, pneumatic console, and propellant sleds in such a
manner as to leave the combined system in a ready state for propellant
loading and acceitance firing. Stage control pneumatics and GSE pneumatics
will be activated to accomplish valve cycling during this test. All electri-

cal systems will be functionally checked during this test,

2.1.29 Simulated Acceptance Firing

"his task will use the acceptance firing countdown automatic program and will
be conducted as a formal countdown. All functions will occur within the
proper framework to simulate the acceptance firing. The test will demonstrate
an overall readiness condition to proceed to the proﬁellant loading and

acceptance hot firing.

2.2 Preliminary Propellant Loading Test

The purpose of the preliminary propellant loading test will be to verify that
the GSE and the stage are compatible during cryogenic operations and to

assure that controlling procedures ' rogress to safely monitor and control all
necessary functions. The tepe pr. -ram, used for the prc _!lant loading, will
be the same as that to be used for . .. acceptance firin.. This test will be

conducted approximately one week prior to the acceptance firing. Successful



achievement of the test will be g prerequisite i'or Lhe acceptance firing.

The test will consist of loading LOX and LH2 to the SA-201 vehicle flight
requirements. During and after the propellant loading, the following

special tests will be conducted in the manual mode (except items 4 and e):

a. A relief cycle test of the LOX tank vent and relief system will be

conducted immediately following LH2 loading.

b. A relief cycle test of the LH2 vent and relief system will be
conducted immediately following the completion of LH2 loading.

c. The LOX tank will be overfilled to the point of overfill sensor
activation.. This test will be conducted following the completion

of the relief cycle.on the LH? tank.

d. A critical components cycle test will be conducted immediately

prior to initiating the DAC start sequence,

€. An engine start bottle blowdown will be conducted if the test has
progressed satisfactorily to this point. The test will be
conéfolled by the acceptance firing tape. The sequence will be
allowed to proceed up to the mainstage control signal. The start
bottle blowdowﬁ will not be a prereguisite for the acceptance
firing. The test will be .onducted to gain further confidence

in the system operation to support mainstage firing.

The terminal countdown sequencing used for STC operations will be sequenced
where possible to simulaste a KSC launch time table. The terminal countdown

sequence will be initiated st approximately T -30.minutes.

During the start bottle blowdown test, the telemetry system will be operated
'open-loop RF to the GSE ground station. The DDAS system will be transmitted
to the. TCC (Test Control Centér) by coaxial cable. This system is trans-
mitted by cable because of its control-loop function.

The inert APS module pitch and yew engines will be cycled immediately
following cutoff of the start tank blowdown test. Each will be operated in
e short duretion program to verify the 4integrity of controls systems from
the IU substitute through the stage to the module components.

Should the propellant loading be aborted prior to 100 percent propellant

n
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tank filling, mutual DAC-NASA agreement must be reached in order to proceed
to acceptance firing., It is planned to conduct a comprehensive data

review and to correct data discrepancies prior to acceptance firing.

2.3 Full Duration Acceptance Firing

Countdown for the full duration acceptance firing will be initiated
following the evaluation of data from the propellant loading test. As part
of the countdown, the integrated system test will be repeated. The test
will consist of loading LOX end LH2 to the S-IVB-201 stage flight
requirements. Immediately prior to initiating the DAC sequence, a critical
component cycle test will be conducted. Terminal countdown will be
initiated at epproximately T -30 minutes. The terminal countdown, prestart,
start; main stage, and shutdown sequencing will simulate a flight sequence
as closely as possible within the STC capability. Progremmed holds will

occur at predetermined times to verify system status and readiness.

The DDAS system will be transmitted to the TCC by coexial cable., This
system is transmitted by cable because of its control-loop function. The
PU system willvbe activated to the closed-loop mode approximately four
seconds after main stage indication and will remeain in s closed-loop mode
throughout the firing duration. The PU system will operate in the PMR

mode. The J-é engine will be gimballed duriné & portion of engine burning.
The gimbal progrem will include sinusoidal inputs and step commands to the
engine pitch and yaw planes. The engine will also be commanded to step in
a manner sufficient to verify proper functional operation of hydreulic
system compensator. The inert APS module roll engines will each by cycled
periodically throughout main stage operation. LH2¥tank step pressure
command will be issued at approximately 300 seconds of mein stage operation.
Manual cutoff will bve commande@ when the propellant level of either tank
indicates 1 percent remeining mass. Expected firing duration will be e
nominal 460 seconds. The depletion level sensors will also be armed to
ensure that propellants are not depleted at engine pump inlets. Immedietely
following mein stage cutoff, the inert APS module pitch and yaw engines
will be cycled in a short duration program.

Following safing of systems and reset, propellant residuals will be detanked
end systems securing initiated. Within two days following the firing, all



hardwire data will be processed and qualified. Immediately following data
gualification, system performance evaluation will be initiated. No later

than T working days following the firing, a test evaluation meeting will be
held to accomplish the DAC and NASA test objectives buyoff. One day prior
to the meeting, handout material to be presented at the buyoff meeting will

be supplied to the NASA Resident Manager's Office, Sacramento Test Center.

2.4 Post-Firing Checkout and Operations

The purposes of the post-firing checkouts and tests will be to assure that
the stage and systems are fully operational following the full duration

acceptance firing and to verify that no degradation of systems occurred.

All post-firing checkouts will be accomplished with the stage installed in
Complex Bete test stand III with the exception of a weight and balance
check, which will be accomplished at the VCL (Vehicle Checkout Laboratory)
at the STC. The acceptance firing configuration of the stage and associated
systems will not be altered until the acceptance firing has been bought off
by both ageneies. During the interim, those post-firing tasks which may

be done in a firing configuration will be accomplished.

2.k.1 Bulkhead Decay Test

This task will demonstrate post-test condition of the bulkhead. The stage
bulkhead vacuum system will remain isolated .from the stand system for

36 hours after engine cutoff. The first 12 hours will require keeping the
tenks pressurized following post-test tank purges. Gas samples will be

periodically teken for analysis.

- 2.4,2 Integrated Systems Test

This task, identicel to that in the prefiring operation, will be performed
tc determine the post-firing condition of the controls and systems.

2.4.3 LH2 Tank Inspection.

This task will consist of an interior LH2 tank visual inspection, a growler

check of the LH2 side of the common bulkhead, and an ultrasonic check of the

13
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tank exterior. The purpose of the test will be to determine the post-loading
condition of the LH2 tank insulation and the common bulkhead. Other inspec-
tions of basic tank struectures will be accomplished. Any discrepancies
discovered during these inspections will be evaluated on an individual basis

of significance and corrective action.

2.4.4 DDAS Automatic Checkout

Thig task, identical to that in the prefiring checkout, will be performed to

determine the post-firing condition of the System.

2.4.5 Range Safety Subsystem Test

This task will be an end-to-end test of the subsystem to demonstrate that over-

all functioning has not deteriorated through the engine firing environment.

2.4.6 Telemetry Checkout

This task, e repeet of the prefiring checkout automatic procedures, will be

performed to determine the post-firing condition of the system.

v

2.4.7 EBW Checkout

This task will repeat the end-to-end portions of the prefiring test to

demonstrate the system integrity.

2.4.8 Hydraulic Flush Procedure

This task will consist only of the sampling and refil) portions of the prefire
procedure, If system rework is necessary or if reeson exists to suspect system

cleanliness, additional portions of the procedure will be accomplished.

2.4,9 Hydraulic System Checkout

This tesk, identicel to prefiring checkout, will be performed to determine

the post-firing condition of the system.

2.L.,10 Removal of Hardwire Installation and Unique Ground Test Items

This task will return the stage to flight configuration,



2.4.11 Electromagnetic Compatibility

This task will be conducted with special monitoring equipment connected to
various stage systems. A simulated flight test will be performed. Measure-
ment of possible source of noise generation end incompatibility will be made
The intent of *he test is to qualify and dcmonstrate system electromagnetic

cormpatinility,

2.4,12 J-2 Engine Leak and Functional Test

This task, a repeat of the prefiring checkout, will be performed to assure

system integrity prior to shipment of the stage.

2.L.13 Stage Control Pneumatic Leak and Functional Check

This task, a repeat of the prefiring checkout, will be performed to assure

system integrity prior to shipment of the stage.

2.4.14 Cold Helium System Lesk and Functional Check

This task, & repeat of the prefiring checkout, will be performed to assure
system integrity prior to shipment of the stage.

2.4.15 LH2 Tapk Pressurization System Leak and Functional Check

This task, a repeat of the prefiring checkout, wild be performed to assure
system integrity prior to shipment of the stage.

2.4,16 Propellant Tank Leak Checks

This task, a repeat of the prefiring checkout, will be performed to assure
system integrity prior to shipment of the stage.

2.4.,17 Aft Skirt and Interstage Thermo-Conditioning and Purge System Checkout

This task will be performed to assure system integrity prior to shipment of
the stage, '

2.4,18 Integrated Systems Test

This task, a repeat of the first post-firing test, will be performed to demon-

strate that all systems are functional prior to the final simulated flight
test,

2.4.19 Simulated Flight Test

This task will be performed to demonstrate that the stege is ready for ship-
ment to KSC. The electrical umbilierls will be memoved to simulate S-IVB
stage liTtoff conditions. 'This will demonstrate that the stage can be
controlled through inmternal power =nd the TU interface.
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2.4.20 Weight and Balance Check

The stage will be removed from the test stand at Complex Beta and transported
to the VCL at the STC to perform & weight and balance check. The purpose of
this test will be to demonstrate thet no significant change has occurred in
stage weight and balance. The stage will then be prepared for shipment and

transported to the docking area for loading.

2.5 APS Module Confidence Firings at Complex Gamma

The two APS flight modules will be individually confidence fired at Complex
Gamma. The confidence firing program will include prefiring, firing, and
post-firing operations. The prefiring and post-firing operations are
detailed in DAC drewing No. 1B55303, Stage End Item Test Plan, S-IVB-201.

2.5.1 Prefiring Cperations

After completion of receiving inspection at the M&A (maintenance and essembly)
building, the following electricael and pneumatic checkouts will be performed

in preparationvfor the confidence firing:

a. Continuity and Resistance Checkout

This test will be performed at the M&A building to establish the
electrical continuity and resistance of all instrumentation and
control systems.

b, Hardwire Checkout

The hardwire instrumentation checkout will be performed, after
installetion of the module in the test cell, to verify the continu-
ity from the module and facilities to the dete acquisition system.

¢. APS Module Prefire Checkout

All propulsion systems will be verified for leak tight integrity
during this operation. Performance of the valving, pressure
switches, regulators, talkbacks, and tank bellows will be
funétionally verified.

2.5.2 Confidence Firing Operations

Each module will be fully loaded to the "100 percent level" with hypergolic



propellants, pressurized with gaseous helium, gnd fired in accordance with
the Countdown Manusl. The firing will consist of a series of flight

representative pulse firings, accumulating a maximum of 5 seconds burn time
on each of the three APS engines. This firing will be conducted at ambient

temperature and pressure conditions.

2.5.3 Post-~Firing Operations

Upon completion of firing and propellant unloading, each module will be GN2

purged, flushed, and removed from the test cell. The module will be
transported to the M&A building where the propellant systems will be dis-

assembled to the module level, for example, propellant control modules and

propellant tank assembly. Propellant modules will be flushed using Freon TF

and isopropyl alcohol in the oxidizer and fuel systems, respectively.
Flushed components will be baked, in a vacuum oven where possible, to
reduce Freon and alcohol content to less than 100 PPM. The modules will

be reassembled and the following checkouts performed:

a. Continuity and Resistance Checkout

This checkout will be performed to verify electricel continuity

and resistance of all instrumentation and control systems.

b. Leak and Functional Checkout

All propulsion systems will be verified for leak tight integrity,

Performance of the valving, pressure switches, regulators, talkbacks,

and tank bellows will be functionally verified.

Following completion of the post-firing operations the modules will be

shipped directly to KSC for subsequent installation on the stage.
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OBJECTIVES

The purpose of this section is to present and define the objectives required
for the test program. ILach test objective is identified by the objective
number and title. The objectives are presented in three groups: acceptance
objectives, confidence firing objectives, and research and development

objectives.

371 Acceptance Objectives

Each objective specifies the acceptance criteria required to define the
performance necessary to achieve the objective. The S-IVB-20l1 stage accept-

ance firing objectives are as follows:

Countdown Opersations
J-2 Engine System Performance
Oxldizer System Performance

Fuel System Performance

1
2
3
I
5. Pneumatic Control System Performance
6. Propellant Utilization System Performance

T. Stage Data Acquisition System Performance

8. Flectrical Control end Power System Performance

9. Hydraulic System Performance

10. J-2 Engine Gimbal Control Performance

11. Auxiliary Propulsion-Stage System Compatibility Verification

12. Structural Integrity
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OBJECTIVE NO: 1 STAGE: S5-IVB-201

OBJECTIVE: Countdown Operations
DESIGN BRANCH: Propulsion, Electronics, Structural /Mechanical
DESCRIPTION:

Demonstrate, where possible, that countdown operations can be performed in the
sequence and within the time framework gllocated for the S-IVB portion of the

KSC }light countdown.

ACCEPTANCE CRITERIA:

1. All systems shall demonstrate the propellant and pneumetic flowrates

required to meet overall countdown requirements.

2. A1l purge end environmental control systems shall demonstrate design

adequacy and control of prefire purge and environmental conditioning.
3. All stage systems shall respond properly to ground control.

L, The procedures and sequences utilized for the acceptance firing shall

demonstrate ‘adequate preparation, control, and monitoring of the stage.

5. The operations that will be applicable to the S-IVB-201 KSC flight count-
down shall be executed in the sequence and time specified, except for

unique STC operations.

ACCEPTANCE BUYOFF: DAC NASA
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OBJECTIVE NO: 2 STAGE: S-IVB-201

OBJECTIVE: J-2 Engine System Performance
DESIGN BRANCH: Propulsion
DESCRTPTION:

Demonstrate that the J-2 engine exhibits operating characteristics compatible
with the stage design requirements and consistent with NAA Rocketdyne Model
Specification 2158bs.

An analysis of engine performance will be made to verify the engine exhlblts
essentially normal transient and steady-state operation.

ACCEPTANCE CRITERIA:
1. Thrust Chamber Pressure:
a. Shall reach 90 percent chamber pressure psia within 6.0 seconds after
engine start command.

b. Shall not, during the start transient, exceed 103 percent of steady
state value,

c. Shall exhibit a smooth and rapid cutoff, and the duration from cutoff
signal to S percent chamber pressure shall be approximately 0.5 seconds.

2. Engine Fuel and Oxidizer Systems:

Shall verify the achievement of adequate chilldown.

b. Shall exhibit essentially nomineal pressures and temperatures as
established by Rocketdyne Model Specification 2158bs.

c. Shall verify proper functioning during prestart, start, steady
state, and cutoff.

NOTE

Propellant inlet conditions will normelly.reflect
stage pressurization and supply system performance
and will be demonstrated under objectives for these
systems.

3. Engine Subsystems

a. Shall verify satisfactory performance of the gas generator and
turbopumps.

b. Shall verify that the start svstem, control pneumatic system, and the
LH2 tank pressurization supply system exhibit satisfactory performance

ACCEPTANCE BUYOFF: DAC . . NASA
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OBJECTIVE NO: 3 STAGE: §8-IVB-201

OBJECTIVE: Oxidizer System Performance
DESIGN BRANCH: Propulsion
DESCRIPTION:

Demonstrate that LOX is supplied to the engine inlet within the established
operating limits through the proper functioning of the LOX tank pressurization
system and supply system. Proper transition from ground prepressure control
to flight control will also be demonstrated.

ACCEPTANCE CRITERIA:

1. LOX Pump Inlet Conditions:

a. Shall demonstrate the required pressures and temperatures to achieve

satisfactory engine start.

b. Shall be meintained within the steady state operating limits
established by Rocketdyne Model Specification 2158bs.

2. LOX Tank Ullage

Shall be prepressurized to 37 to 40 psia, and maintained between 37 to L0

psia during steady state operation.
3. Cold Helium Supply:

Shall be sufficient to maintain ullage pressures noted for the prescribed

operating time.

ACCEPTANCE BUYOFF: DAC NASA
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OBJECTIVE NO: L STAGE: S5-IVB-201

OBJECTIVE: Fuel System Performance
DESIGN BRANCH: Propulsion
DESCRIPTION:

Demonstrate that IH2 is supplied to the engine inlet within esteblished
opera@ing limits through the proper functioning of the LH2 tank pressurization

system and supply system.

Demonstrate proper transition from ground prepressure control to flight control.

ACCEPTANCE CRITERIA:
1. LH2 Pump Inlet Conditions:

a. Shall demonstrate the required pressures and temperatures to achieve

satisfactory engine start.

b. Shall be mainteined within the steady state operating limits
established by Rocketdyne Model Specification 2158bs.

2. LH2 Tank Ullage:

a. Shall be prepressurized to 32 to 37 psia, and be maintained between
28 to 31 psia during steady state operation prior to the step pressure

command.

b. Shall be sufficient to maintain minimum engine pump inlet conditions,

from step pressure command to cutoff.

ACCEPTANCE BUYOFF: DAC NASA

27/28






OBJECTIVE NO: 5 STAGE: ©S5-IVB-201

OBJECTIVE: Pneumatic Control System Performance
DESIGN BRANCH: Propulsion
DESCRIPTION:

Demonstrate that the pneumatic control supply furnishes sufficient helium at
the correct pressures to provide adequate pneumatic valve control and system

purges.

ACCEPTANCE CRITERIA:
1. Control helium system must maintain pressure at 440 to 550 psia.

2. Storage bottle helium pressure shall remain above 440 psia for the duration

of the acceptance firing.

3. The engine turbopump purge pressure shall be maintained between 100 and
130 psia at the customer connect penel. The LOX chilldown pump purge

pressure shall remain between 49 and 53 psia.

L. Demonstrate satisfactory control of the pneumatically actuated

valves.

ACCEPTANCE BUYOFF: DAC NASA
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OBJECTIVE NO: 6 STAGE: B8-IVB-201

OBJECTIVE: Propellant Utilization System Performance
DESIGN BRANCH: Propellant Utilization Panel
DESCRIPTION:

Demonstrate that the PU (propellant utilization) system can control the
loading and consumption of propellants within the design requirements of the

stage and engine as applicable to acceptance firing.

Final detailed evaluation of the overall PU system performance will be accom~

plished at the Space System Center through the use of computer programs.

ACCEPTANCE CRITERIA:

1. The final loaded indicated mass in each tank shall be within +3.0 percent
of the desired loaded mass. The calibration of the indicated loaded mass
data will be basically derived from an analytic determination of the tank
volume versus height relationship and further refined by the results of

the preliminary propellant loading test.

2. Establish that sufficient date have been gathered to enable subsequent
recalibration of the PU electronics assembly to yield loaded mass
accuracies within +1.0 percent (RSS) of the actual loaded mass based on
a three sigma probability. This recalibration will be based upon mass

consumption values obtained using the flow integral method.

3. The control of propellant consumption shall be termed acceptable based upon

the following criteria:

a. An acceptable correlation éhall be evident in the PU valve resﬁonse as

commanded by the PU error signal.

b. The validity of the PU error signal shall be determined from final

deteiled analysis of the overall PU system performance.

ACCEPTANCE BUYOFF: ' DAC NASA
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OBJECTIVE NO: T STAGZ: S-IVB-201
OBJECTIVE: Stage Data Acquisition System Performance

DESIGN BRANCH: Electronics

DESCRIPTION:

Demonstrate that the data acquisition system is operating properly and is
capable of performing essigned functions. All measured parameters will be

checked to insure that they are being received correctly.

Selected measurements

will be checked for accuracy. The electromagnetic compatibility of the
telemetry system with other stage hardware, in respect to conducted and
radiated interference, also will be evaluated.

ACCEPTANCE CRITERIA:

1. Subsystem Operation
The performance of telemetry components will be acceptable if:
a. Upon command, an RF signal of adequate strength and deviation is
received at the ground station.
b. The subcarrier signals exhibit the required amplitude and deviation.
¢. The pulse amplitude and pulse code modulation signals are of nominal
amplitude and timing accuracy.
d. The onboard tape recorder operates properly on command and records
and plays back usable data.
2. Parameter Measurements
Information reduced from a specific channel shall correspond to hardwire
date or to its estimated amplitude and frequency, or be proven to be
correct and new criteria established.
3. Compatibility
Compatibility of the telemetry and other hardware in proximity or deriving
power from a common source will be evaluated by an examination of the
telemetry data. Poor signal-to-noise ratio or the appearance of extraneous
- switching transients, or "hash" on the data will be cause for corrective
ection.
ACCEPTANCE BUYOFF: DAC NASA
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CBJECTIVE NO: 8 STAGE: S-IVB-201

OBJECTIVE: Electrical Control and Power System Performance
DESIGN BRANCH: Electronics
DESCRIPTION:

Demonstrate the proper operation of the following during firing:

GSE/Stage interface; S5-IVB sequence functions routed through switch selector
and sequencer; forward and aft control distributors; forward, aft 28V and aft
56V power distributors; control pressure switches on engine and pressurization
systems; stage electrical systems operation within the design load prbfile;
and proper transfer of power from the external to the internal source.

Demonstrate that battery currents, voltages, temperatures; chilldown inverter
frequency, voltages, temperatures; 5 volt excitation module frequency, and
voltages; static inverter-converter frequency, voltages, and temperatures
remain within acceptable limits during acceptance firing.

ACCEPTANCE CRITERIA:
1. GSE/Stage Interface

Proper mating of the umbilical shall be demonstrated by utilizing the
"connectors mated" measurements. Integrity of the umbilical interlock and
safety indications shall be demonstrated.

2. Control Distrilutors

-Proper operation of the control distributors shall be demonstrated by
monitoring the arrival at GSE of all expected indications and the receipt
in the stage of all GSE originated commands.

3. Sequence Functions

Proper operation of the switch selector and sequencer shall be demonstrated
by following an anticipated launch-flight sequence of events and by
obtaining correct response of stage elements.

4, Power Distribution Assemblies
Proper operation of the motor-driven switches shall be demonstrated.
5, Control Pressure Switches

Proper operation of the control pressure switches shall be verified by
analysis of engine and pressurization systems performance.

[

., External/Internal Owitches

Proper operation of the external/internal (E/I)’switches will be verified
by analysis of /I talkback indications.
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OBJECTIVE NO: 8
Page 2

ACCEPTANCE CRITERIA:

7.

(Continued)

STAGE :

The following components shall demonstrate the listed performance:

Forward Battery No. 1

Voltage:
Current:
Temperature:

Forward Battery Ko. 2

Voltage:
" Current:
Temperature:

Aft Battery YMo. 1

Voltage:
Current:
Temperature:

Aft Battery No, 2

Voltage:v
Current:
Temperature:

Chilldown Inverters:

Voltage:
Frequency:
Temperature:

5 Volt Excitation Module

Voltage:
Frequency:

Static Inverter-Converter

Voltage

ACCEPTANCE BUYOFF:

36

28 +2vde
Maximum 4O amps
80 +10°F

28 +2vdce
Maximum 7 amps
80 +10°F

28 +2vde
Meximum 120 amps
80 £10°F

56 +hvde
Maximum 135 amps
80 $10°F

Both LOX and LH2

0 to 60 volts per phase
LOO #10 cps
-100° to +375°F

5.0 £0.5 vdc
2000 £200 cps

115 #3.45v at LOO 6 cps
5.0 +0.5vdc
21,0 (+1.5 -1.0) vdc

NAGA
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OBJECTIVE NO: 9 STAGE: S-IVB-20l

OBJECTIVE: Hydraulic System Performance
DESIGN BRANCH: Structural /Mechanical
DESCRIPTION:

Demonstrate that the pressure and temperature levels of the hydraulic system
are within acceptable.limits.

ACCEPTANCE CRITERIA:

1. Accumulator GN2 Pressure and Temperature.

a. Prior to esuxiliary hydraulic pump start the accumulator GN2 pressure
shall be greater than 1900 psia.

b. The GN2 pressure shall exceed 3500 psia within 60 seconds after
guxiliary pump start and during the acceptance firing shall be
3650 (+50 -150) psia. (During engine gimbaling and the engine start
transient, short term pressure surges to 3800 psia maximum and 3400 psia
minimum are acceptable.)

c. The GN2 temperature must exceed the minimum of O°F before system
pressurization.

d. After the acceptance firing and witl the auxiliary pump inoperative
the GN2 mass shall be between 1.70 and 2.15 calculated by the formula.

GN2 Mass (1b) = GN2 Pressure (psia)

- X 0.4326
GN2 Temperature (°R)

2. Hydraulic System Pressure and Temperature

e. Following esuxiliary pump start and full pressurization of the accumule-
tor GN2, the minimum system pressure shall be 3500 psia.

b. The system pressure during the acceptance firing shall be 3650
(+50 <150) psia. (During engine gimbeling and engine start transient
short term pressure surges to 3800 psia maximum and 3400 psie minimum
are acceptable.)

c. The temperature of the hydraulic pump inlet oil shall not be below
-10°F prior to auxiliary pump start and shall not exceed 275°F during
the acceptence firing.

3. Reservoir 0il Pressure

a. The reservoir oil pressure prior to auxiliary pump start shall be a
minimum of 55 psia. During pump steady state operation the minimum
pressuré shall be 155 psia.

b, During the firing the reservoir oil pressure shall nominally be 170 psia
and shall not exceed 210 psisa.

ACCEPTANCE BUYOFF: DAC NASA
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OBJECTIVE NO: 10 STAGE: S-IVB-201

OBJECTIVE: J-2 Engine Gimbal Control Performance

DESIGN BRANCH: Structural /Mechanical, Flight Dynamics & Control
A

DESCRIPTION:

Demdnstrate that the servo system is capable of gimbaling the engine in

respdnse to servo valve input current commands in & satisfactory manner.

ACCEPTANCE CRITERIA:

1. The differential pressure feedback network of the hydraulic engine
positioning servo system must operate satisfactorily with respect to both

the frequency response and engine step command tests.

2. The engine slew rate shall reach a minimum of eight degrees per second
(1.66 inches per second as measured at the actuator fe